B BA AC CK KG GR RO OU UN ND D
The prevalence of overweight adults is increasing throughout the Western world. Today obesity is viewed as a national ailment. Of the adult population in the US 22.3% are obese. 1 In the Nordic countries 10% of adults fall into the obese category. 2 A Nordic population survey indicates that more men than women are overweight. 3 In addition to substantial personal suffering, the occurrence of overweight individuals represents a growing societal and economic burden. Obesity and its complications are responsible for 4-8% of the healthcare budget. 2 Obesity should be viewed as a chronic illness that requires longterm treatment. 4, 5 The body mass index (BMI) is generally used to calculate the degree of overweight. BMI is calculated as body weight in kilograms (kg) divided by height squared (m 2 ). According to the World Health Organization (WHO) a BMI of 25-29.9 and > 30 indicate overweight and obesity in adults, respectively. 6 Overweight occurs when energy intake exceeds energy needs -i.e. the amount of energy a person needs to be physically active and for basal metabolism to function. 7, 8 A Ab bs st tr ra ac ct t A Ai im m: : The aim was to extend the body of knowledge through a systematic review that combines the strengths and partly fills the gaps from earlier reviews. The aim is to review randomized controlled trials of the long-term effectiveness of physical exercise/activity with or without diet and/or behaviour modification therapy in terms of training effect, weight loss and improvement of body composition in overweight and obese, healthy adults. M Me et th ho od ds s: : Data for systematic review was collected via a search of databases for literature published between 1995 and 2006. The search yielded 12 articles. R Re es su ul lt ts s: : The studies showed that training intensity should be moderate. The treatment of overweight and obese individuals with training alone cannot be expected to result in any substantial weight loss but should be combined with diet and behaviour modification therapy. However training can be an important factor in preventing further weight gain, or in helping individuals maintain a lowered body weight. C Co on nc cl lu us si io on n: : According to this systematic review of randomized controlled trials, the treatment that produced the best weight loss results included a combination of training, behaviour therapy and diet. 
PAPER
The increased prevalence of overweight individuals in developed countries results from changes in lifestyle, including the consumption of more fat-laden foods and less daily exercise. 9 Today's environment requires less and less physical activity and has led to a more sedentary lifestyle. 10 Genetic factors, through the influence of basal metabolism and body fat distribution, govern one third of the variations in BMI. 1 There is a strong correlation between BMI and mortality; however it is not linear. Both underweight and overweight appear to carry risks. 3 Frequent complications in obese adults include hypertension, stroke, heart failure, diabetes mellitus, sleep apnoea, gallstones, urinary incontinence, infertility, birth complications, arthritis, back problems and depression. 1 In Sweden about 30% of middle-aged men and 10-15% of middle-aged women are completely inactive physically. The share of totally physically inactive individuals is the same in younger women as in middle-aged women, while the share of totally physically inactive men is decidedly lower in younger men compared with middleaged men. The share of individuals who are completely physically inactive grows still more with age.
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Exercise and athletic training have a documented good effect on health. Less well known is the fact that daily physical activity can be important for one's health. However it must be fairly sustained since the intensity is relatively low. Walking offers the greatest potential for increasing physical activity. 11 Physical activity can have a positive effect in the treatment of obesity for several reasons. It can directly affect body weight, body composition and the risks associated with obesity. Further, physical activity has indirect psychological and social effects; for example, it can lead to better eating habits. 12 It has also been confirmed that overweight individuals decrease their risk of premature death by being physically active, even if their weight does not change. 11 Persons who are overweight can be limited in their ability to carry out physical activity because of a reduced oxygen uptake capacity and painful muscles and joints, for example. These limitations in locomotive power influence movement behaviour and lead to problems in activities in daily living (ADL) situations and moving from one place to another. 12 Recommendations for what constitutes appropriate amounts of training differ; for instance, AHA Standards from 1992 and 1995 advocate aerobic workouts with an intensity of 50-60% of maximum oxygen uptake capacity (VO 2 max) and a heart rate reserve of 30 minutes or longer, three days a week or more. Recommendations for strength training are one set of 10-15 repetitions for each of eight to 10 exercises, two to three days a week. 13 The Swedish National Board of Health and Welfare recommends that untrained individuals try to reach a level of daily physical activity that lasts 30-40 minutes (continuous or cumulative) at an exertion level of 11-13 on the Borg RPE scale. 12 Moderately intense aerobic training is most appropriate for overweight individuals, as more intense exercise can cause injuries in patients with a high BMI. The ideal training intensity for increased fat burning is around 50-75% of the maximum heart rate. 12 Often a combination of diet, physical training and behaviour therapy is used in the treatment of overweight persons. In behaviour therapy the overweight individual and the therapist draw up reasonable and concrete weight-loss goals and the effect of behaviour on overweight is analyzed. In a structured setting the overweight person learns strategies and problem-solving techniques that can influence and change behaviour, thoughts and feelings, with weight loss as the goal. 14, 15 There are prior reviews in this area that are worth mentioning. Maciejewski et al. 16 included studies of obesity treatment of both healthy persons and those with chronic illness. The authors studied the effect of weight loss in health-related quality of life and concluded that healthrelated quality of life including depression was not consistently improved by weight loss. This review included studies that had mainly no physical activity as one of the treatments. The combination of studies of healthy and those with chronic illness can have confounded the results. Curioni and Lourenc 17 included studies of diet and exercise but excluded studies where behaviour modification was the only treatment in any group. They concluded that diet and exercise generate greater weight loss than diet alone and that the individuals changed their lifestyle, but just for a short period of time. Fogelholm and Kukkonen-Harjula 18 combined in their review of physical activity in preventing weight gain both observational and randomized clinical trials (RCT). They concluded from the cohort studies, but not from RCTs, that physical activity could lead to weight loss maintenance. In a recent review a behaviour modification in weight loss was studied.
14 This review did not include studies with physical activity and diet alone as treatment in any group. Also the authors did not report the number of studies or which of the studies were actually included in the review. They concluded that there is evidence that obesity is not simply a willpower problem. Miller et al. 19 reported in a review of mostly cohort studies that an intervention of diet, aerobic exercise or both resulted in weight loss, and at one-year follow-up the combination treatment was most beneficial.
Our objective was to extend the above body of knowledge through a systematic review that combines the strengths and partly fills the gaps from earlier reviews. The aim is to review randomized controlled trials of the long-term effectiveness of physical exercise/activity with or without diet and/or behaviour modification therapy in terms of training effect, weight loss and improvement of body composition in overweight and obese, healthy adults.
M ME ET TH HO OD D Data were gathered from a search of the literature using the following databases: MEDLINE, COCHRANE, PEDRO, CINAHL, AMED and AMEDEO. The following words were used for the search: obesity, overweight, training, exercise, physical activity, physiotherapy, behaviour, adult, and randomized controlled trial. 
PAPER
Inclusion criteria for this systematic review were as follows: the study had to be a randomized controlled trial; the subjects had to be adults; physical training or exercise had to be part of the treatment; the subjects would be overweight or obese but otherwise healthy; the intervention groups would each include at least 15 subjects; the study had to have at least one-year follow-up after the intervention or if there was no follow-up then the intervention had to be at least 12 months in order to increase the likelihood of maintenance of the results; and the studies had to have been published in English between 1995 and 2006. This range of years was chosen because several earlier metaanalysis or systematic reviews have covered years between 1966 and 1994 -e.g. Miller et al. 19 Studies that included diet and/or behaviour modification therapies but no physical activity or training/exercise were excluded.
The search of the literature resulted in the following: the MEDLINE search yielded 770 hits. Of these, 12 articles fulfilled the inclusion criteria. Searches in COCHRANE, PEDRO, CINAHL, AMED and AMEDEO did not result in additional articles.
In order to be able to compare treatment outcomes from the different groups in the studies, the effect size was used to analyze the studies' intervention effect with reference to weight loss. Effect size was calculated by dividing the average weight gain/loss following intervention with the standard deviation before intervention as proposed by Glass. 20 The effect size was calculated for two end points: one at the end of actual intervention and then subsequently after a period of follow-up.
R RE ES SU UL LT TS S Interventions
Aerobic training was the primary method used to treat overweight. This training method appeared in all 12 studies and consisted of walks. However step-up, jogging and cycling were also reported. Interventions with only aerobic training took place in six of the studies. [21] [22] [23] [24] [25] [26] Strength training occurred in three studies. 24, 27, 28 Information on the type of training used in the intervention was partly missing from one study. 25 Most studies included a combination of individual and group training. However one study comprised only individual training. 29 The duration of the training sessions varied considerably. In four studies the duration of the sessions was unclear or optional. 21, 22, 30, 31 In two studies the training sessions were broken up into shorter intervals. 29, 32 The training was carried out two to seven days per week; however in three studies the frequency was unclear. 21, 22, 30 The intensity varied from easy to difficult and was expressed in a variety of ways: in percentage of maximum pulse rate, 23, 31 in the percentage of heart rate reserve (HHR), 21, 22 as the total number of sets and repetitions, 24, 27, 28 in caloric consumption, 30 and in metabolic equivalent (MET). 32 In the remaining articles intensity was less well defined or not mentioned at all. 25, 26, 29 The duration of the training period varied from 16 to 104 weeks (= two years). In addition to physical training/activity, diet was included in eight of the studies. 24, [26] [27] [28] [29] [30] [31] [32] Behaviour modification therapy was used as an intervention strategy in six studies. [27] [28] [29] [30] [31] [32] Four of the studies included true control groups 21, 22, 24, 26 and all of these included intervention groups with only training. Table 1 presents the studies' interventions in detail and a detailed description of the intervention results is provided in Table 2 .
Weight loss
In seven studies body weight decreased significantly in intervention groups. 21, 26, [28] [29] [30] [31] [32] Two of the studies included intervention groups in which the subjects lost more than 10 kg. 28, 31 By the end of the intervention period body weight had increased in two studies. 22, 25 At the end of the intervention period the effect size of the average weight loss was greatest in two studies that combined diet with aerobic training. 31, 32 In one study the effect size was negative at the end of the intervention period, signifying a weight gain. 25 In this study the interventions were ambiguously formulated. In five studies part or all of the information needed to calculate the effect size was missing. 22, 23, 24, 27, 28 Follow-ups after the intervention were carried out in eight of the studies and were continued at most for two years after the intervention had ended. 21, [24] [25] [26] [27] [28] 31, 32 The rest of the studies had interventions that continued one year or more. The followups showed significantly lower weight gains after interventions that included moderately intense aerobic training and emphasized increased, individual, daily activity. 21, 25, 26, 31, 32 In three studies there was no significant difference in weight gain among the intervention groups during follow-up. 24, 27, 28 The effect size for these studies could not be calculated at follow-up because the information was missing.
The biggest effect size at follow-up (1.09) occurred in a study in which diet, behaviour therapy and individual aerobic training were combined in one of the intervention groups. 31 In this study the training period lasted 52 weeks and follow-up occurred three months after the end of the intervention. The smallest effect size at follow-up (-0.79 (largest increase in weight)) occurred in a study in which only aerobic training took place four to six hours per week with an HRR intensity of 60% in one of the two intervention groups. 21 In this study the training period was 40 weeks long and follow-up occurred a little over a year after the end of the intervention.
Body composition
Three studies provided information on changes in body composition. 24, 29, 32 In two of the studies 29, 32 the body composition was measured with fat-free mass. Both studies reported a significant decrease of fat-free mass for the groups that combined diet, aerobic training and behaviour therapy. Kukkonen-Harjula et al. 24 measured body composition by a ratio of waist and hip circumference (WHR). The authors reported a significant decrease of WHR in favour to the resistance training group compared to the walking group.
Training effect
The training effect was measured with VO 2 max in six studies. 21, 23, 24, 29, 31, 32 Three
Physical activity, diet and behaviour modification 21, 23, 24 Only two studies that had a 'pure' training group had a control group. 21, 24 In four of the above-named six studies that measured training effect, a positive effect was noted for all groups regardless of whether the training sessions were continuous or took place at intervals. 24, 29, 31, 32 In one study there was no significant improvement of VO 2 max in any of the intervention groups in spite of the fact that the intervention lasted for two years and included aerobic training with an intensity between 60 and 80% of maximum pulse rate, three to five times per week. 23 
D DI IS SC CU US SS SI IO ON N
In most of the studies the subjects had lost a significant amount of weight by the end of the intervention period. However some of the studies also indicated weight gains. 22, 25 Certain traits can be extrapolated from those studies that had positive and negative effects on weight loss, as can the importance of training alone in this respect. The largest effect size appeared in intervention groups in four studies. 29, 30, 31, 32 There was a significant weight loss in all groups. Diet combined with aerobic training and behaviour therapy constituted the intervention in two high effect size studies. 31, 32 In these interventions weight loss ranged between 7.9 kg and 12.4 kg. As regards other variables, such as the subjects (gender, average BMI and average age) and the duration of the training periods, no common features were discerned. Only four of the studies included control groups in their design. 21, 22, 24, 26 Studies that reported subjects' weight gain nevertheless reported a more or less satisfactory maintenance of the weight in some of the subjects. 22, 25 In chronically overweight individuals these results should be viewed as very positive since further weight gain was prevented.
Only two studies had groups with training as the only treatment, measured training effect and had a control group. 21, 24 The effect size in the pure training groups was low. Briefly these findings indicate that the treatment of excess weight with training alone cannot be expected to lead to any significant weight loss. However the conclusion that training can still be an important factor in preventing further weight gain or in weight loss maintenance is supported by conclusions from an earlier systematic review of Fogelholm and KukkonenHarjula. 18 According to present results the most effective weight-loss treatment for overweight individuals included, above all, diet combined with training and behaviour modification therapy. 31, 32 With respect to body composition, it was shown that fat-free body mass could be reduced in a weight-loss programme with diet as part of the intervention. 32 However this must be avoided as muscle mass and basal metabolism, which account for a large part of the body's energy consumption, should increase rather than decrease during treatment. This goal can best be achieved by combining diet with training.
Follow-up occurred in only some of the studies. 21, 24, 25, 26, 27, 28, 31, 32 However the results for weight loss and effect size during follow-ups were similar to the results after the intervention was over. Weight loss was better maintained in those groups that also included moderately intense aerobic training, and the biggest effect size was observed in groups that combined diet, behaviour therapy and training. 31, 32 The exercise plans as regards individual/group training, aerobic/strength training, duration of training sessions, frequency, intensity and length of training period were well described in most of the studies, which makes them repeatable as far as the training is concerned. However in five studies the description of the exercise plan was more or less inadequate. 21, 22, 25, 26, 30 In spite of this the training effect was measured in one of these studies, making the reliability of the conclusions questionable compared with the measurements in those studies that had detailed exercise plans. 21 Aerobic training, most often as moderately intensive walking, was a part of all of the studies. The Swedish National Board of Health and Welfare supports the use of walking, viewing it as the type of movement that offers the greatest potential when it comes to increasing physical activity. 11 The Board's recommendations for the aerobic exercise are in agreement with the plan used in the studies. The literature mentions that increased physical activity can produce psychological and social effects that can lead to improved eating habits, 12 which was one of the main objectives of the studies. The fact that physical activity decreases the risk of an early death in overweight people, in spite of weight retention, is also interesting. 11 Further, it is also recommended that overweight individuals engage in moderately intense aerobic training to achieve optimal fat burning and reduce the risk of injury. 12 Strength training occurred in only a small number of studies and as a rule the exercise plan did not follow the generally recommended format. 27, 28 One of the objectives of strength training for overweight individuals is to build muscles and thereby raise the resting energy expenditure. 12 Muscle building is most efficient if weights that correspond to 60-80% of maximum strength are used. 12 The duration of the training period varied greatly in the studies, from 16 to 104 weeks. The median value for training period length was 48 weeks, which indicates that the greater part of the studies had a relatively long intervention period. This is consistent with recommendations that obesity be viewed as a chronic illness requiring long-term treatment. 4, 5 In all likelihood a longer treatment period would increase the possibility of behavioural change, which is a necessary prerequisite for a permanent increase in the level of activity in overweight individuals.
In addition to physical exercise/activity, most of the studies included diet and behaviour therapy, which the literature also recommends. 4, 5 However behaviour therapy was very poorly defined; the studies' descriptions offered only a vague understanding of the content of the behaviour therapy. The purpose of behaviour therapy is to permanently change behaviour, thinking and feelings, with weight loss as the goal. 15 This process can take a long time and can only be accomplished with long treatment periods. Motivation is a very Physical activity, diet and behaviour modification Nearly two years On time of last follow-up the persons had gained weight so that the decrease compared to baseline was 4.8 kg. There were no differences between any of the groups at any time point.
Fogelholm
Week 40 Group (a) and (b): significant decrease in weight (-0.6-0.7 kg) compared to group (c). (a)
+0.86
Significant decrease in weight and increase in VO 2 max** in both groups compared to start. Measures such as a reward or a personal trainer, used in one study to increase motivation, did not result in greater weight loss than that achieved in groups without this feature. 30 There was a control group in four of the 12 studies. 21, 22, 24, 26 The reason for so few studies with control groups is a matter that deserves some discussion. A control group should be justifiable in a study in which the subjects' BMI is relatively low (just over 30 in the majority of the studies reviewed). The risk for those with obesityassociated complications was not very well defined either. Participation in a control group under such circumstances should be risk-free and therefore a research design that includes a control group could be used.
The training effect that was measured in studies was positive for most of the intervention groups with aerobic training. Three of these studies had intervention groups with only training 21, 23, 24 and two studies also had a control group. 21, 24 One conclusion that can be drawn from this information is that the training component in the treatment of overweight individuals could only be evaluated in a small number of studies.
In most of the studies the training effect was measured in VO 2 max. It is worth noting that in one of the studies VO 2 max did not improve significantly in any of the intervention groups, in spite of the fact that the intervention lasted two years and included aerobic training with an intensity between 60% and 88% of maximum pulse rate, three to five times per week. 23 It would be reasonable to expect this training to improve VO 2 max in the subjects. This result leads to speculation regarding the degree to which the subjects really carried out the training that was offered in the intervention, and if it was supervised and carefully checked during the study. However this important aspect of the studies was not investigated more closely here. The level of adherence to the treatment programme should be investigated in future studies. A common and easy method for checking the amount of completed training is an exercise diary. However the abovementioned study had the largest number of subjects (n = 357) and therefore the results for this particular feature could be prone to a high degree of generalization. 23 The majority of subjects in the studies were women. This corresponds with clinical profiles and may be due to the fact that women are more likely to seek help for their overweight and to experience it as a problem. 33, 34 The subjects' highest average BMI was 36.5. However in a clinic it is quite common to see much higher values that, in addition to increasing the risk for illness and psychosocial problems, also signifies a very pronounced physical handicap for the individuals in question. Often this also means severely limited ability to take part in any form of physical activity.
Apart from the purely personal gains, considerable economic benefits would result from reduced healthcare and insurance costs if the number of overweight individuals were to decrease. 35 In this context primary care plays a vital preventive role alongside a clinic's more specialized treatment for overweight. Fortunately more and more attention is being paid to the complex problems that surrounds excess weight and obesity. 36 However additional resources are needed to curb the 'obesity epidemic' that is spreading throughout the world.
A shortcoming of this systematic review is that it does not report on how the studies verified that the subjects performed the right amount of training with the correct intensity. In this review the measured training effect was interpreted as an indication that the training and intensity described had been carried out. Finally it should be added that the objectives in the studies varied greatly. Many studies investigated weight loss and training more from metabolic, medical and psychological points of view, all of which were outside the scope of this paper. It could be argued that the non-inclusion of these factors weakens the study and limits its results.
Some strengths of this review are worth mentioning. First, all included studies were randomized trials, which can increase the reliability of the results.
However health promotion interventions are very complex and random assignment is not always the most applicable method in studying the effects of different interventions in this research area. Second, the participants in the studies were healthy individuals, which increases the homogeneity of this review. Third, in this review we included those three components that have been shown to be the most important factors in weight loss: exercise, diet and behaviour modification.
C CO ON NC CL LU US SI IO ON N A AN ND D C CL LI IN NI IC CA AL L R RE EL LE EV VA AN NC CE E
According to the present systematic review, the treatment of overweight and obesity that promises the best results consists of diet, behaviour modification therapy and training. Treatment with training alone cannot be expected to lead to any significant weight loss, regardless of the type of training or exercise plan. On the other hand training can be an important factor when it comes to preventing continued weight gain or maintaining lower weight, even in the long term. Thus this systematic review reached an important conclusion: namely that the treatment of overweight individuals requires a multi-disciplinary approach. This approach means that representatives from all professionsdieticians, behavioural scientists, psychologists, psychotherapists, nurses, physical therapists, and doctors -must collaborate with each other. Physical activity alone can also produce good health results and very positive metabolic effects can be achieved with even a small weight loss. Therefore it is important to choose training modes and intensities that are well suited to the participants in a weight-loss programme and that take the extent of their overweight into consideration. Intensity should be moderate and both aerobic and strength training can be used, since this systematic review determined that there were no significant differences in the effect between these types of training.
The level of motivation in overweight individuals probably plays a very important role in the success or failure of weight treatment. Factors that
